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Summary

This report shows the test results of the EMI/EMS&Ling of the TTCB-P box.

The tests were performed at the CEM laboratoryamilltaly. The test was supported by NLR,
INFN and SYSU.

All TTCB and TTCE radiated emission are below thguirement levels.

TTCB/TTCE survived the EMC test campaign. No degtimeh in functional behaviour was
found after the test.

However the TTCB/TTCE set-up showed to be susceeptd both horizontal and vertical H-
fields (200 MHz-1 GHz).

The following anomalies take place in the H-field:

1.

2.
3.
4

Pump speed increase upto approximately additids@0 3pm

Probable a communication problem resulting in pemjich off

Pt1000 increase with max 4 degré€s

DS increase of maximum 2°&. Especially spare DS (not attached to any cocistn) are
susceptible (DS14 & DS16).

APS noise
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1 Scope of the document

The document shows the (functional) test data pewd during the tests. Additional
information to this test report can be found infilled procedure sheets of

2 Referencesdocuments

Ref Title Number
RD-1 TTCB EMC EMI procedure AMSTR-NLR-PR-029
RD-2 TTCB EMC EMI procedure Part B AMSTR-NLR-PR-029
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3 Test Set-up description
4 Hardwareunder test

The TTCB-p flight module. The TTCB was operatiodalring EMC/EMI test and therefore
connected to Ground Support Equipment to form aexldoop filled with CO2. The GSE-loop
will be equipped with a mass flow meter, absolutespure transducer, differential pressure
transducer and temperature sensors.
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5 Test Programme

5.1 Part A: EMI radiation emission tests (performed on June 10)
During the emissivity test the following actuatoilliee switched on to measure the emission.
If possible the actuators will be switched on safily, no other actuators active or as less as

M

possible.
Actuator Pump running comment
1 Peltier elements no PWM, 10 %
2 Accumulator heater FAC no PWM, 90 % (TBC)
3 TTCB pump yes 3500, 6000, 10000 RP
4 Pre-heater yes (minimal flow Manual ON/OFF (Bs)1
5 Start Up Heater yes (minimal flow Manual ON/OR5/10s)
6 Cold Orbit Heater yes (minimal flow)  Manual ON/PE2s/10s)

|Test Abbrevation |

Test name and Frequency range |

2009-06-

Day 1 10

14 15.5

Radiated Emission Test KHz GHz
A KHz 14| 150 | KHz
B KHz 150| 30 |MHz
C (Hor) MHz 30| 300|MHz |POLH
C (Ver) MHz 30| 300|MHz |POLV
D (Hor) MHz 300| 700 | MHz POLH
D (Ver) MHz 300| 700 | MHz POLV
E (Hor) GHz 700| 1|GHz |POLH
E (Ver) GHz 700 1|GHz |POLV
F (Hor) GHz 1/155|GHz |POLH
F (Ver) GHz 1|15.5|GHz POLV

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.

AMSTR-NLR-TR-008_1_0_TTCB_P_EMI_EMC_Test_Report.doc - Saved: 2009.06.30 06:43, Printed: 2009.06.30 18:44



AMS Tracker Page 10 of 51
IVERSITE DE GENEVE Thermal Control Doc.Id AMSTR-NLR-TR-008

m Subsystem Issue 1.0

TTCB EMI/EMC Test Report Date June 2009

5.2 Source of interference during zer o-field r eference measurements

During the zero-field test prior to testing threies of interference were found:

1. CAN-controller connection. With the Can-box grouddad a linear power supply the
problem was solved.

2. NI DAC unit was also interfering. This was solveddhanging the power supply.

The thermal bath was also producing interferintfifieThis was solved to switch the bath off

during the susceptible EMI test.

During the EMI test it was found that in most ctise pump did not induce any EMI problem.

Therefore the pump was ran in more cases therdstagection 5.1 and heaters could be

operated during longer times.

Figure5-1: Can controller grounding on EMC chamber ground
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5.3 Part B: EMC interference measurements
The EMC/EMI overall test sequence is:

[Test Abbrevation |

Test name and Frequency range

Day 1 2009-06-10
Radiated Emission Test 14 KHz |15.5 GHz
A KHz 14 150/ KHz
B KHz 150 30|MHz
C (Hor) MHz 30 300|MHz POL H
C (Ver) MHz 30 300|MHz POL V
D (Hor) MHz 300 700|MHz POLH
D (Ver) MHz 300 700|MHz POL V
E (Hor) GHz 700 1/GHz POLH
E (Ver) GHz 700 1/GHz POL V
F (Hor) GHz 1 15.5|GHz POLH
F (Ver) GHz 1 15.5|GHz POL V
Day 2 2009-06-11
minutes |# TTCB CONF
Spike 1 pulses 10 micro 1 13
Spike 2 150 nano 1 13
Radiated Electric field level (RS03)
G Khz 14 10|Mhz
H (Hor) MHz 200 1|GHz POL H
H (Ver) MHz 200 1{GHz POL V
| (Hor) GHz 1 2|GHz POL H
| (Ver) GHz 1 2|GHz POL V
J (Hor) GHz 2 4|GHz POL H
J (Ver) GHz 2 4|GHz POL V
K (Hor) GHz 4 8|GHz POL H
K (Ver) GHz 4 8|GHz POL V
L (Hor) GHz 8 10|GHz POLH
L (Ver) GHz 8 10|GHz POL V
M (Hor) GHz 2.2 GHz POLH
M (Ver) GHz 2.2 GHz POL V
N (Hor) GHz 8.5 GHz POLH
N (Ver) GHz 8.5 GHz POL V
O (Hor) GHz 13.7 15.2|GHz POLH
O (Ver) GHz 13.7 15.2|GHz POL V
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The main test steps of Part B (to be performedume 11 and June 12) are:
1. Operate TTCB and conduct EMC/EMI test
2. Perform pre-test Health check (see sheets) TTCEW &E-B
3. Perform Spike 1 Test
a. TTCE-A
i. Pump operation test 3500 rpm & FAC on automatidrobn
ii. Pump operation 6000 rpm & TEC on (10% duty cycle)
iii. Pump operation 10,000 rpm & FAC on automatic aantr
iv. Perform health check on Pt1000’s and DS duringdiration (logged)
b. TTCE-B
i. Pump operation test 3500 rpm & FAC on automatidrobn
ii. Pump operation 6000 rpm & TEC on (10% duty cycle)
iii. Pump operation 10,000 rpm & FAC on automatic aantr
c. Perform health check on Pt1000’s and DS duringdiration (logged)
4. Perform Spike 2 Test
a. TTCE-B
i. Pump operation test 3500 rpm & FAC on automatidrobn
ii. Pump operation 6000 rpm & TEC on (10% duty cycle)
iii. Pump operation 10,000 rpm & FAC on automatic aantr
iv. Perform health check on Pt1000’s and DS duringdiration (logged)
b. TTCE-A
i. Pump operation test 3500 rpm & FAC on automatidrobn
ii. Pump operation 6000 rpm & TEC on (10% duty cycle)
iii. Pump operation 10,000 rpm & FAC on automatic aantr
c. Perform health check on Pt1000’s and DS duringpdiration (logged)
5. Performtest G
6. Perform test H (Hor) (after anomaly highest rpm Veagered to 8000 rpm)
7. Performtest H (Ver)
8. ...
9. Perform test O (Hor)
10. Perform test O (Ver)
11. Empty TTCB
12. Disconnect TTCB from TCCE
13. Transport TTCE to TV-chamber for TTCB-S TV testing

All tests were done for TTCE-A and TTCE-B in ordd8BAABBAABB etc.
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6 Test facility/equipment description

The test is performed at SERMS (Terni) at the EMW/Eest facility and the following type of
equipment will be used for operating the TTCB:

e TTCE/ cables / CAN-if / pc with TTCE sw

« CO2

* Mass flow meter

* Absolute transducer

« Differential pressure transducer

e Temperature sensors, TC type T

¢ NI cDAQ system

*  Pcwith LV sw

e Thermostat bath for cooling CO2 (GSE-loop)

EMC/EMI chamber

«+—L: tbd| cn—»

1/4” 1/4” 1/4”
4|11 <from RAD—{F] l @___gﬁ
TTCB @
1 ”
4 %to RAD—» aps

N E =

cooling liquid

Figure 6-1: schematic with GSE for operating TTCB

As the EMI/EMC air conditioners could not keep teenperature below 20 °C. Therefore the
TTCB box is put in a plastic temperature controletlme inside the EMI/EMC chamber. This

to provide a temperature below 20 °C during testinga portable air conditioner). Apart from

the EMI testing the portable air conditioner cobdlused during all tests.
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Figure 6-2: TTCB schematic with additional tubing for functional test

6.1 TTCB Safety

To avoid over pressurising of the TTCB and moredhervalves and the connectors a safety
relief valve is put in the system. This safety eeé valve will open at 69 bar which is
approximately a CO2 two-phase saturation tempezatdir+29°C. During the night the air
conditioners of the EMI chamber were put al fuliyeo to keep the TTCB below +2€.
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6.2 Test set-up picture
In the below pictures the test set-up is shown.

Figure 6-4: Air conditioned set-up in the CEM EMC chamber (cabling connection)
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Figure 6-6: Cooling loop set-up outside the chamber
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Figure 6-8: Power supply set-up outside the chamber during test run
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Figure 6-10: NI DAC system detail
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Figure6-12: Item under test TTCB-P back side
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Figure 6-13: Item under test TTCB-P connectors
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7 Part A: EMI radiation emission results

All the TTCB components showed to fulfil the EMbteequirements.

|Test Abbrevation |

Test name and Frequency range

2009-06-
Day 1 10
14 15.5
Radiated Emission Test KHz GHz
A KHz 14| 150 | KHz
B KHz 150| 30| MHz
C (Hor) MHz 30| 300 | MHz |POLH
C (Ver) MHz 30| 300 | MHz |POLV
D (Hor) MHz 300| 700 | MHz |POLH
D (Ver) MHz 300| 700|MHz |POLV
E (Hor) GHz 700 1|GHz POL H
E (Ver) GHz 700 1|GHz POL V
F (Hor) GHz 1|15.5| GHz POL H
F (Ver) GHz 1|15.5|GHz POL V

The induced filed are shown in RD-3 (TBC).
All the below shown actuators induced fields areotled in for the separate frequencies.

Actuator Pump running comment

1 Peltier elements no PWM, 10 %

2 Accumulator heater FAC no PWM, 90 % (TBC)

3 TTCB pump yes 3500, 6000, 10000 RPM

4 Pre-heater yes (normal flow) Manual ON during ptate
EMI test duration

5 Start Up Heater yes (normal flow) Manual ON dgroaomplete
EMI test duration

6 Cold Orbit Heater yes (normal flow) Manual ONidgrcomplete
EMI test duration

The function check test results are shown in bdigures.
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Dallas sensors
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8 Part B: EMC Test results

In the below section he (functional) test resulisirty the EMC field testing are shown. Only in therizontal and vertical H-field (200 mHz-1 GHz)
anomalies were found in the TTCB/TTCE operation emahmunication. In the rest of the fields the TTCBLE operated without any problems.

Day 2 2009-06-11
minutes |# TTCB CONF
Spike 1 pulses 10 micro 1 13
Spike 2 150 nano 1 13
Radiated Electric field level (RS03)

G Khz 14 10|Mhz

H (Hor) MHz 200 1|GHz POL H

H (Ver) MHz 200 1|GHz POL V

| (Hor) GHz 1 2|GHz POL H

1 (Ver) GHz 1 2|GHz POL V

J (Hor) GHz 2 4|GHz POL H

J (Ver) GHz 2 4|GHz POL V

K (Hor) GHz 4 8[GHz POL H

K (Ver) GHz 4 8|GHz POL V

L (Hor) GHz 8 10|GHz POL H

L (Ver) GHz 8 10[GHz POLV

M (Hor) GHz 2.2 GHz POL H

M (Ver) GHz 2.2 GHz POL V

N (Hor) GHz 8.5 GHz POL H

N (Ver) GHz 8.5 GHz POL V

O (Hor) GHz 13.7 15.2|GHz POL H

O (Ver) GHz 13.7 15.2|GHz POL V

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.
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8.1 Frequency: Spikel, Spike2 and G
12000 3 Frequency: Spike 1 and 2 7.0
10000 3 vertical and horizeatgl for A and
8000
0. 6000 -
E 4000 -
14 -
2000 >~
244 |
¢ _
=% B
: J
G 4
}_
20 [
18 -
16 -\\/\,
14 -
1 T T v T : T J T v T T T T ¥ T g T 5.0
09:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30
Time

PT1000, Pump speed and APS
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1.0

June 2009

Dallas sensors

Spike 1 2and G for Aand B

DS4BP

14

—— DS4BP
—— DS10BP
——DS11BP
—— DS14BP
DS7BP
—— DS8BP
DS1BP
—— DS12BP
—— DS15BP
——D&3BP

DS13BP
——DS3BP
— DS2BP
—— DS16BP
—— DS5BP
—— DS6BP

09:20 10:00 10:40 11:20 12:00 12:40 13:20 14:00 14:40

Time
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9 Frequency: H-horizontal
H-horizontal -overview
12000 Frequency: H-Horizontal for A and B 470
o
= -4 6.5 ——RPM_P
o —— PtO1_P
—— Pt02_P
——Pt03_P
180 | —ptoa_p
—Pt05_P
155 - APS_P
O
a
@
|_
415
1.0
17:20 17:30 17:40 17:50 18:00 18:10 18:20 18:30 18:40 18:50 19:00

Time
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H-horizontal-overview Dallas Sensors

23
4 H horizontal A and B DS

—— DS4BP
——DS10BP
— DS11BP
—— DS14BP
DS7BP
——DS8BP
DS1BP
—— DS12BP
——DS15BP
—— DS9BP
=——DS13BP
—— DS3BP
~——DS2BP
—— DS16BP
~———DS5BP
——DS6BP

o]

Temp/c

15 —
17:20 17:30

T Y T Y T : T T T J T
17:40 17:50 18:00 18:10 18:20 18:30

I
18:40
Time
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9.1 H-horizontal TTCE-B pump speed 3500 rpm
PT1000, Dallas_B, APS, RPM
12000 H . . - 70
N 90005 Frequency: H-horizontal for B |
EI - _W iy
& 1 —Pt01_P
3000 A 1 |—Pi02_P
| ——Pt03_P
= oL ! 60| pios_p
04N L | ——Pt05_P
28 !
1 195 —aps P
o
g = b 150
0] oo | T
~ ] M ,/\
\ YWk
18 l« i Al
. ;_“MHW ol N #‘“, s : 115
14
12 ] T T T T T T T 1.0
17:20 17:22 17:24 17:26 17:28 17:30 17:32 17:34
Time
200MHZ+ 300MHZ+ A00MHZ+« S00MHZ+< GOOMHZ+< TOOMHZ# B00MHZI+¢ S00MHZI# 1GHZ-
23 S
Frequency: H horizontal for B DS —— DS48P
—— DS10BP
22 ——DS11BP|
—— DS14BP
DS7BP
—— DS8BP
DS1BP
21 4 —— DS12BP
v —& | ——DS15BP
—— DS9BP
——DS13BP
20 - —— Ds38P
2] ——DS2BP
S —— DS16BP
£ e DS5BP
S 19- N " T —swer

15 1 T E T Y T i T . T J T
17:20 1722 17:24 17:26 17:28 17:30 17:32

Time

T
17:34
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9.2 H-horizontal TTCE-B pump speed 6000 rpm
PT1000, Dallas_B, APS, RPM
12000 170
o 9000 Frequency: H-horizontal for B
|
J —— RPM_P|
Z 6000 - ihi - —— Pt01_P
o —— Pt02_P
——Pt03_P
3000 ~ 160 | —pioa_p
il i ——Pt05_P
n] } 55
2 %7 —— APS_P
5 24 4 A5.0
e 2]
20 ]
18- SN D e oo 15
16
14 4
12 T T T T T 1.0
17:40 17:42 17:44 17:46 17:48 17:50

Time

200MHZ< 300MHZ+» 400MHZ+« SO0MHZI< BOOMHZ# TOOMHZe B00MHZI< S00MHZI# 1GHZ

22 1

21+

20 A

Frequency: H horizontal for B

Ds

Temp/’c

15

—— DS4BP
——DS10BP
—— DS11BP
—— DS14BP|
DS7BP
—— DS8BP
Ds1BP
——DS12BP
—— DS15BP|
—— DS9BP
e DS 13BP
—— DS3BP
~—DS2BP
——DS16BP

= DS5BP
=——DS6BP

17:40

T
17:42

T
17:44

Time

T
17:46

T
17:48

1
17:50

200MHZ+< 300MHZF 400MHZIF S00MHZI< BOOMHZe TOOMHZS S00MHZ< S00MHZI< 1GHZ

L



XK

AMS Tracker Page 310fs51

Thermal Control Doc.Id AMSTR-NLR-TR-008
Subsystem Issue 1.0
TTCB EMI/EMC Test Report Date June 2009

9.3 H-horizontal TTCE-B pump speed 10,000 rpm
PT1000, Dallas_B, APS, RPM

12000 Frequency: H-horizontal for B ~470
9000
| 6000

RPM_P
1
@
o

:
7% 4

N

L T - 2 o {15
16 4 =i — e

AR WP W o r,._/‘\
14
12 T T T T 10

17:56 17:58 18:00 18:02 18:04
Time

200MHZ< 300MHZ+» 400MHZ+« SO00MHZI< BOOMHZ# TOOMHZe B00MHZI< S00MHZI# 1GHZ

23
Frequency: H horizontal for B DS

22

——DS4BP
— DS10BP|
DS11BP
21 4 —— DS14BP
DS7BP
—— DS8BP
DS1BP

20 4 —— DS12BP|
—— DS15BP)

| |—— DS9BP
l— DS13BP

—— DS3BP

18 —DS2BP
—— DS16BP

|—— Ds5BP

Temp/°c

p—— DSE6BP

18 4

i E—_

S—— _ ™
16 4 e e e = )
15 T T T T T T T T 1
17:56 17:58 18:00 18:02 18:04
Time

200MHZ< 300MHZ+» 400MHZ+« SO0MHZI< BOOMHZ# TOOMHZe B00MHZI< S00MHZI# 1GHZ
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9.4 H-horizontal TTCE-A pump speed 3500 rpm
PT1000, Dallas_B, APS, RPM
12000 170
i 9000 Frequency: H-horizontal for A
<! 6000 —RPM_P
& ——Pt01_P
3000 ——Pt02_P
—— Pt03_P
~———Pt04_P
30 — Pt05_P
28
155
26
- " ——APS_P
,;5.0
22
20
1B and” ‘s""‘A /“ IO - W~ GV g "mf‘\v S 415
16
14
12 I ¥ I : T ! I ! I & I I I 1.0
18:12 18:13 18:14 18:15 18:16 18:17 18:18 18:19 18:20
Time
200MHZS 200MHZ+» 400MHZ+¢ S00MHZ< BO0OMHZF TJOOMHZ+S B00MHZI¢ S00MHZI+ 1GHZ
23 -
Frequency: H horizontal for A DS
22
—— DS12AP
—— DS11AP|
DS10AP
21 4 _— | ——Ds7aP
e DS16AP
e~ e ————— —— DSSAP
DS2AP
—— DS14AP
o 20 —— DSBAP
&L —— DS3AP
= —— DS4AP
5 e DSEAP
= 194 —— DS13AP
e DS5AP
—— DS1AP
—— DS15AP)|
18 -
17 4 = = e —
eSS =<
16
15 » T 4 T L T ¥ T < T T T 1
18:12 18:13 18:14 18:15 18:16 18:17 18:18 18:19 18:20

Time
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9.5 H-horizontal TTCE-A pump speed 6000 rpm
PT1000, Dallas_B, APS, RPM
12000 ) 170
N 9000 Frequency: H-horizontal for A
EI 6000 - 165 [——RPM_P
& ——Pt01_P
3000 - ——Pt02_P
o ——APS_P
g F 450
g 2]
» -M
18] : 15
16 ‘-——WMMM
14 ] ]
12 T T " T : T S T Y T d T y T T T " 1.0
18:25 18:26 18:27 18:28 18:29 18:30 18:31 18:32 18:33 18:34 18:35
Time
200MHZ+¥ 300NMHZ+ 400MHZ+ S00MHZ< BOOMHZ+ TOOMHZS S00MHZI+¢ S00MHZ+# 1GHZ
22+ Frequency: H horizontal for A DS
21 4 —— DS12AP
—— DS11AP|
——— DS10AP
—— DS7AP
DS16AP|
—— DS9AP
20 DS2AP
—— DS14AP
—— DSBAP
— DS3AP

e R_ — DS4AP
e DSEAP
19 4 —— DS13AP

[ DSSAP

e DST1AP
—— DS15AP|

16

x T L T T T ' T T T i T L T T T
18:25 18:26 18:27 18:28 18:29 18:30 18:31 18:32 18:33

Time

T
18:34

1
18:35

200MHZ+# 300MHZ¢ 400MHZe S00MHZIe B600OMHZ# JOOMHZ# B00MHZIo S00MHZI# 1GHZ
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9.6 H-horizontal TTCE-A pump speed 10,000 rpm
PT1000, Dallas_B, APS, RPM
12000 7.0
o 9000 requency: H-horizontal for A
5I 6000 6.5 ——RPM_P
& ——Pt01_P
3000 ——Pt02_P
——Pt03_P
= 60 | pios_p
30 _‘ —— P05 P
28 — 4 585
26 ]
Q 4
a2 /\[‘ ——APS_P
= N wtore s ) N L T
20 J———te o R = 1
18 g o 115
16 :“——wMJ Qf?‘%ﬁ L = L V}'\ L S U SR SR~ e Tl
:_h__‘__,f’\-/"\ M - W K_J - \.,—\.. ~P A
14
12 . ; . : : ; 1.0
18:40 18:42 18:44 18:46 18:48 18:50
Time
200MHZ+ 300MHZ+< 400MHZ¢ S00MHZ+ GO0OMHZ+< JOOMHZI+< BOOMHZI+< SO0MHZI# 1GHZ
23 -
Frequency: H horizontal for A DS
22 4
—— DS12AP
——DS11AP
~——— DS10AP
21 4 \M_o_ —— DSTAP
= DS16AP
—— DS9AP
— DS2AP
5.4 \l e S Y
5 —— Ds8AP
o —— DS3AP
g e —— DS4AP
5 . —— DSBAP
~ o~~~ L | ——DS13AP
| ——DS5AP
|| |——Ds1aP
i —— DS15AP
18 4 I
17 4
il A [
16 4 e <
15 T T T T T T 1 T T T = T T T =
18:40 18:41 18:42 18:43 18:44 18:45 18:46 18:47 18:48 18:49 18:50
Time

200MHZ< 300MHZF 400MHZF

SO0MHZ< B600OMHZF TOOMHZI< BOOMHIS

S00MHZ« 1GHZ
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10 Frequency: H-vertical
H-vertical-overview
. - 70
12000 Frequency: H-Vertical for A and B
9000
n_l 1 7
< 6000—_ - 6.5 ——RPM_P
& ——Pt01_P
3000 — Pt02_P
B ——Pt03_P
3 160 —pro4_p
30 —— Pt05_P
28
26
&
B - APS_P
5
2 22
20
18
16
14
12 4 r 1.0

T
17:00 17:20
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H-vertical overview Dallas Sensors
Frequency: H-Vertical DS
22 S M
—DS4BP
—  DS10BP
21 1 —DS$11BP
——DS14BP
l\u DS7BP
— DS8BP
20 + DS1BP
—DS12BP
—DS15BP
C’O 19 - — DS9BP
B ,-l e —— DS13BP
g e ——DS3BP
\ —DS2BP
18 —— DS16BP
w —— DS5BP
WA ) —— DS6BP
= 1/ Fal . ¥y
16 = Sy e
15 -——rFrr—7r—7—7—7—7—
1510 1520 15:30 1540 1550 16:00 16:10 16:20 16:30 16:40 16:50 17:00 17:10 17:20

Time
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10.1 H-vertical TTCE-A pump speed 3500 rpm
PT1000, APS, RPM (repeated twice)

12000 4 - 7.0
9000 ] Frequency: H-Vertical for A

| 6000

RPM_P

3000

30

o
p=1
E
(V]
'—
12 T T T T T T T T T 1.0
14:50 14:51 14:52 14:53 14:54 14:55 14:56 14:57 14:58 14:59 15:00
Time
200MHZ¢ 300MHZe A00MHZe S00MHEZS 60OMHZS JOOMHZe B00MHZ< S00MHZe 1GHZ
12000 A ; ; 770
N 60063 Frequency: H-Vertical for A
2 50 W 65[—RPMP
o
© 3000 -
= 6.0
30 f | l_r—1
28 Jize
26
% o1 ] ——APS_P
= 5.0
& - AW
‘«f‘a‘ i3
14 -
12 T T T T T T T T T 1.0
15:05 15:06 15:07 15:08 15:09 15:10 15:11 15:12 15:13 15:14 15:15
Time
200MHZ+ 300MHZF A00MHZ+¢ S00MHZI<S BO0OMHZs TOOMHZI# B00MHZI¢ 900MHZI< 1GHZ
Remarks:

« Increase of Ptl to 28 C while pressure is stilbading to 26 C.
« Increase in pump speed with 3000 rpm
» Dallas sensor information to be added
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10.2 H-vertical TTCE-A pump speed 6000 rpm
PT1000, APS, RPM and Dallas sensors

12000 Frequency: H-Vertical

for A

- 7.0

9000
&
<! 8000 1 1 6.5 —RPV_P
o
© 3000
= 6.0
30
28
455
26 ]
O
= —APS_P
= 24
£ W_F_“__F__,___.,»,;S‘O
= 1 e
g 2 AL
20
b s RN ot 15
T~
16 4 i R ———
14 ]
12 T T T T T T T T T 1.0
15:25 15:26 15:27 15:28 15:29 15:30 15:31 15:32 15:33 15:34 15:35
Time

200MHZ< 300MHZ+» 400MHZ+« SO00MHZI< BOOMHZ# TOOMHZe B00MHZI< S00MHZI# 1GHZ

Frequency: H -Vertical for A
30 o

28

26 -

24 A

Temp/°C

—— DS12AP
DS11AP
DS10AP

—— DSTAP
DS16AP

—— DS9AP
DS2AP
DS14AP

—— DSBAP

—— DS3AP

—— DS4AP

——DS6AP

14

e DS13AP
~——DS5AP
~———DS1AP
DS15AP

T . T ¥ T T T
15:28 15:29 15:30 15:31

Time

e . T
15:26 1527 15:32

15:25

T
15:33

T T T
15:34

1
15:35

200MHZ< 300MHZ+» 400MHZ+« SO00MHZI< BOOMHZ# TOOMHZe B00MHZI< S00MHZI# 1GHZ

Remarks:
e Sudden stop in DS read-out

* Communication failure ** err = Ox110A *** resultig in pump switch off

e Increase of pump speed (248 MHz & 475 MHz)



AMS Tracker Page 39 of 51

Thermal Control Doc.Id AMSTR-NLR-TR-008
Subsystem Issue 1.0
TTCB EMI/EMC Test Report Date June 2009

* APS increase but outside APS showed normal vak#s & 475 MHz)
* Pt1000 increase on all Pt1000’s

The Dallas sensor read-out stopped during the test.

Jun 11 15:28:11 2009 : +16.38 +16.56 +16.81 +16.69.94 +18.62 +16.81 +17.00 +17.25
+18.00 +18.44 +20.62 +16.50 +20.81 +16.69 +20.0R88 +15.69 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.060+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.080+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.0860+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00

Thu Jun 11 15:28:16 2009 : +16.38 +16.56 +16.81 Junu11 15:31:15 2009 : +16.75 +17.25
+16.75 +18.56 +20.25 +18.62 +17.06 +16.88 +18.58.%A +18.69 +20.56 +17.19 +20.75
+17.00 +20.38 +16.88 +16.69 +0.00 +0.00 +0.0m06& +0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.0860+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.0860+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00080+0.00 +0.00 +0.00

Thu Jun 11 15:31:21 2009 : +16.75 +17.31 +16.75.6218-20.25 +18.62 +17.00 +16.88
+18.50 +18.12 +18.62 +20.62 +17.19 +20.75 +16.98.32 +16.94 +16.69 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.060+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.0860+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.0860+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00

Thu Jun 11 15:31:26 2009 : +16.75 +17.31 +16.75.6948-20.25 +18.62 +17.00 +16.88
+18.50 +18.06 +18.50 +20.62 +17.25 +20.81 +16.88.42 +16.94 +16.75 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.060+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.0860+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00.080+0.00 +0.00 +0.00 +0.00 +0.00
+0.00 +0.00 +0.00 +0.00 +0.00
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The following data problem was shown just befoeerttoment the pump stopped operating:

2009.06.11 15:29:24:0000000000000M®MA 00001010346 06090 1060 90 60
6.1 86.7 0.0 0.6 +23.12 +16.25 +25.88 +18.26.94 +97.69 +98.38 +97.31 +97.75 +98.44
+97.31 +97.75 +97.75 +97.81 +97.75 +97.75 +97. 70 48+97.31 +97.75 +98.44 +97.31

2009.06.11 15:29:25
2009.06.11 15:29:26
2009.06.11 15:29:27
2009.06.11 15:29:28
2009.06.11 15:29:29
2009.06.11 15:29:30
2009.06.11 15:29:31
2009.06.11 15:29:32
2009.06.11 15:29:33
2009.06.11 15:29:34
2009.06.11 15:29:35
2009.06.11 15:29:36
2009.06.11 15:29:37
2009.06.11 15:29:38
2009.06.11 15:29:39
2009.06.11 15:29:40
2009.06.11 15:29:41
2009.06.11 15:29:42
2009.06.11 15:29:43
2009.06.11 15:29:44
2009.06.11 15:29:45
2009.06.11 15:29:46
2009.06.11 15:29:47
2009.06.11 15:29:48
2009.06.11 15:29:49

*** arr = OX110A ***
*** arr = OX110A ***
*** arr = OX110A ***
*** err = Ox110A ***
*** err = Ox110A ***
*** err = Ox110A ***
*** arr = OX110A ***
*** arr = OX110A ***
*** arr = OX110A ***
*** err = Ox110A ***
*** err = Ox110A ***
*** err = Ox110A ***
*** arr = OX110A ***
*** arr = OX110A ***
*** arr = OX110A ***
*** err = Ox110A ***
*** err = Ox110A ***
*** err = Ox110A ***
*** arr = OX110A ***
*** arr = OX110A ***
*** arr = OX110A ***
*** err = Ox110A ***
*** err = Ox110A ***
*** err = Ox110A ***
*** arr = OX110A ***

2009.06.11 15:30:25:00000000000000000L 000010 0 0609010609060
58 1.7 0.0 0.2 +23.31 +16.69 +21.62 +18.2%.62 +97.81 +97.19 +97.31 +97.88 +97.19
+97.31 +97.31 +97.31 +97.31 +97.31 +97.31 +97.8L.39+97.31 +97.81 +97.19 +97.31
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NLR

10.3 H-vertical TTCE-A pump speed 10,000 rpm
PT1000, APS, RPM and Dallas sensors

12000 requency: H-Verfjcal for A 170
o QODU~M
|
Z 6000 16
3
3000 | il Ay Lk 1 ‘ o AT T
] {55
% zj* g \ 1 ——APS_P
£ p S « W [ e S
e 22-,_,__,____________,)'*: ;‘“1 ' —— ]
20
. a
18 ) f‘ ' px | 115
e ‘: ! } \:’ ! \3 e e I st i S i
14-- Ee e it e | e et o S e
12 T T T T T T T T 1.0
15:36 15:38 15:40 15:42 15:44 15:46 15:48 15:50 15:52
Time
200MHZS 300MHZ# 400MHZ¢ S00MHZ¢ 600MHZe TOOMHZe S0OMHZe SOOMHZe 1GHZ
23 4 Frequency: H -Vertical for A
o
el
£
(0]
—
15 T 1 I 1 1 1 1 T 1
1536 15:38 1540 1542 1544 1546 1548 1550 1552
Time
200MHZ 300MHZe 400MHZ¢ SOOMHZe GOOMHZ T0OMHZ¢ 800MHZe S00MHZ¢ 1GHZ
Remarks:

e Pump speed increase and APS noise

« Missing data is an import failure into figures dopay attention (will be solved)
* DS sensor susceptibility leading to T-increase
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10.4 H-vertical TTCE-A pump speed 6,000 rpm (repeated)
PT1000, APS, RPM and Dallas sensors

12000 Frequency: H-Vertical for A ke
9000 ]
n-l w
<! 8000 1 16
o
© 3000 -
30 ]
28 -] Y
o 7
& 24 ]
% I S 5.0
e o2d
20
18 4
16— e
P=— o
14
12 T T T T T T T 1.0
15:52 15:53 15:54 15:55 15:56 15:57 15:58 15:59 16:00
Time
200MHZ+ 300MHZ+ 400MHZe 500MHZS G00MHZe 70OMHZe B00MHZS SOOMHZ# 1GHZ
'Y
23 = :
Frequency: H -Vertical for A
6]
L
o
£
(0]
—
16 -
15 1 T 1 1 * I 1 T I 1
15:52 15:53 15:54 15:55 15:56 15:57 15:58 15:59 16:00

Time

200MHZ< 300MHZF 400MHZIF S00MHZI< BOOMHZe TOOMHZS B00MHZ< S00MHZI< 1GHZ

L

Remarks:

* Increase of pump speed, the pump stop is not regeat
* APS noise
* DS output not affected
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10.5 H-vertical TTCE-B pump speed 3500 rpm and 6000 rpm
PT1000, APS, RPM and Dallas sensors

12000 Frequency: H-Vertical for B =770
9000 |
n'l
E ] ‘ f N" W 5 [——RPM_P
——Pt01_P
o —— Pt02_P
—— Pt03_P
U |——Pto4_P
——Pt05_P
——APS_P

Temp/°'C

12 T T T T T T T 1.0
16:22 16:24 16:26 16:28 16:30 16:32 16:34 16:36 16:38
Time

00MHZ® J00MHZ 400MHZe S00MHZ¢ GOOMHZ® T0DMHI® BDOMHZ® SOOMHZe 1GHZ JOMHZP 30MHZ® ADOMHES S0ONWZe GOOMHEe TOOMHZ® SOOMHZe SOOMHZe 1GHZ

Frequency: H-Vertical for B

21.0 -
205
—— DS4BP
2004 ——DS10BP
—— DS11BP
—— DS14BP
1954 DSTBP
— DS8BP
DS1BP
19.0 47 ——DS128P
— DS158P
o —— DS9BP
3 185 — DS13BP
E \——Ds3BP
4 ——DS2BP
18.0 4 — DS16BP
—— DS5BP
|[——DS6BP_
175
17.0 4
16.5
16.0 : . . ‘ : ; . ‘ ‘ . . . . . . .
16:22 16:24 16:26 16:28 16:30 16:32 16:34 16:36 16:38

Time

200MHZS 00MHZ® 400MHZ® S00MHZ¢ G0OMHZ® T00MHZe BOOMHZ S00MHZ® 1GHZ J0OMHZ® S0OMHZY ADOVHZ® SOONHZe G0OMHZY 70OMHZY S0OMHZ® S00MHZ® 1GHE

Remarks:
e Pump speed variations, Pt1000 variations, APS nos®S anomalies
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10.6 H-vertical TTCE-B pump speed 10,000 rpm
PT1000, APS, RPM and Dallas sensors
12000 4 . " -4 7.0
9000 _Mcy. H-Vertical for B
o ‘_J
< 6000+ ) 1 65——RPM_P
2 ——Pto1_P
3000 —— Pt02_p
; —— Pt03_P
Friaiin 7 —— P104_P
30 4 ——Pt05_P
28 1ss
26
”L?)l 2 -I/,..-« o - ; \/XQ- - APS_P
£
& . 4‘_‘,_,,,,._____.__.___1 .A' \ : -~ ~
20
i _M i ' 5 ’ - &
16 e '\{ ' -
s RNUCISEY B MR 7 =
14
12 T T T T T T T 1.0
16:50 16:52 16:54 16:56 16:58 17:00 17:02 17:04
Time

Temp/°C

Remarks:

¢ Communication failure during for rpm>10,000

200MHZ< 300MHZ# 400MHZ< S00MHZS BOOMHZ< TOOMHZS BOOMHZFS Q00MHZIf 1GHZ

22 4

214

20

15

Frequency: H-Vertical for B

1
17:04

. e - o =
T T T T T T
16:50 16:52 16:54 16:56 16:58 17:00 17:02
Time

——DS84BP
——DS10BP
——DS11BP
——DS14BP
DSs78P
——D88BP
Ds1BP
——DS12BP
——DS15BP
——DS9BP
——DS13BP|
f——DS3BP
——DS2BP
——DS16BP|
——DS5BP
——DS6BP

200MHZ< 300MHZ< 400MHZ¢ S00MHZe BOOMHZFS TOOMHZe BOOMHZ< SOOMHZIf 1GHZ

e Manual switched off pump
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11 Frequency: | JM K L
PT1000, Pump speed and APS
Frequency: | JM KL Horizontal-Vertical for A and B 70
10000 168 —RPM P
g 8000 le6g |—PtO1_P
= ] ——pto2_p
b o000 64 |——pto3_P
| 4000 J 62 |——Pto4_P
E 1 ——P105_P
& 2000 460
28 156
0 154 APS/Mpa
o p 52
E_ 22 J\ 5.0
d AN\
& 20 . I\/\,/ {\/\ ]
18
AN i
16 PRGN L B f\, 05
14
12 W
10 . . . . ; ! : ; 0.0

T T T T T T T T T T
09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00

Time
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Dallas sensors
24
Frequency:l JM L K DS |
23 —— DS4BP
——DS10BP
- ' -~ DS11BP
| —— DS14BP
5 DS7BP
] ——DS8BP
€ 1 1.k DS1BP
% sk A ——DS12BP
2 ‘ 1\ —— DS15BP
1944 N ——DS9BP
" ——DS13BP
18 l ——DS3BP
I~ DS2BP
17 ‘\‘ —— DS16BP
i' ——DS5BP
16 {TRIAf ——DS6BP
v
15 4
14
13

T ] T L T ! T ' T ¥ T L T L) T ! T ) 1
10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00
Time

The hick-up in the data is missing data due tossimg file. This is not due to the EM-field butile Storage failure.
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12 Frequency: N, O.
PT1000, Pump speed and APS

Frequency: N ,O Horizontal-Vertical for A and B

8000 -

J_ 154 ——RPM_P
~ ] | ] ——Pto1_P
g 6000 _ 162 —Pt02P
E ——Pt03_P
g_l 4000 ] | Pt04_P
. Il 160 —pio5_P
n_ ~1
“ 2 H 127

i | & APS_F

26 156 @

] | o

SV \ \ =
O N 454 @
e, 22 o
E 1 x/\_/ ___/\/
$ 20- L1 R Wi Sy 452
- ] _/\““

18 4

ek ’ / & 1

14 _-\M /

12 : : 0.0

T T ? T 7 T ' T ; T T T T T
09:40 10:00 10:20 10:40 11:00 11:20 11:40 12:00 12:20

Time

Dallas sensor data
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Temp/°C

22

21

20

19

18

17

16 {44,

15

14 |

13

Frequency: N, O DS

—

T
09:40

T T T y T J T T T
10:00 10:20 10:40 11:00 11:20

Time

T
11:40

T
12:00

AMSTR-NLR-TR-008

—— DS4BP
—— DS10BP
—— DS11BP
—— DS14BP
DS7BP
—— DS8BP
DS1BP
—— DS12BP
—— DS15BP
—— DS9BP
= DS13BP
—— DS3BP
——DS2BP
—— DS16BP
-~ DSS5BP
= DSEBP

1
12:20
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13 Conclusions

Overall the TTCB survived the EMI-EMC test campaigdo degradation in functional
behaviour was found after the test.

13.1 EMI test results
All TTCB and TTCE radiated emission are below thguirement levels.

13.2 EMSInterferencetest results
However the TTCB/TTCE set-up showed to be susceptd both horizontal and vertical H-
fields (200 MHz-1 GHz).

The following anomalies take place:

1. Pump speed increase upto approximately 3500 rpm

2. Pt1000 increase with max 4 degré€s

3. DS increase of maximum 2°€. Especially spare DS (not attached to any cocistn) are
susceptible (DS14 & DS16).

4. APS noise

5. A possible communication problem was found resgliim switch off of the pump (not
reproducible)

The pump susceptibility was also found during tbenp EMI/EMC testing. It was decided not
to shield the pump as additional flow does not haegor impact on the Tracker temperature.

The Pt1000 sensor T-variations (especially) spaadlfi Ptl and Pt2 will impact Tracker
temperature stability. The Tracker will go up angwd with the variation in Ptl and the

cavitation health guard will be impacted by vaoas in Pt2.

The impact of Dallas sensor and APS susceptiliBitless severe as these are only used form
monitoring purposes.

A “communication” error occurred during the teuking in system and pump switch off.

Most likely cause of the susceptibility and “comnuation” error is the lack of cable shielding
between TTCE and TTCB or shielding of TTCB interaabling.
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13.3 Proposed next steps

In order to check if cable shielding will solve th@blem H-field test with TTCE could be done
to discriminate between TTCE-TTCB cabling shieldargnternal box shielding of Pt1000- DS
and actuator sensor.

Based on that information it can be decided if eadtielding is a possible solution to the
susceptibility.

The pump speed susceptibility was also detectedgpump testing. It is not needed to shield
the pump as it has no influence on operation.

The communication S/W error should be investigatedrder to understand what caused the
system shut down.
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